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ABSTRACT
The effect of temperature and ethanol on
maturation and germination of h reesei was
Three strains were compared in this study;
(QH6A) and two hypersecretory mutant strains
and RL-P37), at three growth temperatures
.( 170C, 280C, 370C), some in the presence of low levels
( ~2%) of ethanol. The three strains showed different
germination patterns but mutant RUT-C30 resembled wild
type QM6A more than mutant RL-P37. RL-P37 showed the
shortest latent period of germination and highest
percentage of germination and branching at all the
temperatures. RL-P31 also showed fast progression of
conidia "from swollen conidial stage to germinated
conidial stage at 370C, suggesting that it is a
thermophilic strain. Increased spherical growth of
conidia was always accompanied by greater degree of
branching. The optimum temperature for conidial
maturation and germination was 370C for all the three
strains and not 280C. Germination and branching
patterns were compared in QM6A and hypersecretory RL-P37
with low levels of ethanol. Low levels o~ 0.5%, 1.0%
and 1.5% ethanol"had a stimulatory effect on conidia and
acted as conidial acttivator in both QM6A and RL-P37.
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Ethanol at 2.0% concentration had an inhibitory effect
on conidial activation and germination for both QM6A and
,
RL-P37. RL-P37 wa~ more sensitive to 2.0% ethanol than
QM6A. With 1.0% and 1.5% ethanol concentration RL-P37
also showed morphological changes, such as twisted and
knotted mycelia.
The study reported in this thesis
has increased our understanding of spore germination
and mycelial growth of Trichoderma reesei. In general
terms, these studies have shown that mutants selected
solely on the basis of increased cellulase production
capabili ty may exhibit significant differences in
other aspects of their physiology related to growth
i
and response to alterations in their physical (e.g.
temperatu're)
environments.
or chemical
2
(e.g. alcohol presence)
INTRODUCTION
A. History of ~ reesei as cellulase producing fungus
complex needed for the complete
into glucose. Trichoderma
of secreting an active complement of cellulase
hydrolysis of cellulose
reesei is a filamentous
Many cellulolytic micro-organisms, including some fungi,
actinomycetes, and myxobacteria, produce extracellular
enzymes for the degradation· of cellulose. However,
only fungi like members ·of the genus Trichoderma have
proven to be especially attractive, as compared to other
cellulase producing micro-organisms, in that they are
capable
mesophilic fungus which belongs to fungi imperfecti.
It has been described as a conidiating (asexually
producing) fungus (Eve leigh, 1985, for review): By the
late 1970's, Trichoderma reesei was touted as the most
potent extracellular cellulolytic enzyme producer
(Mandels, 1982). At this time a new interest evoked
in Trichoderma research and the main focus was to put
these enzymes to commercial use for hydrolysis of
cellulosic biomass. It was thought that this showed a
promising potential for production of energy fuels by
enzymatic degradation (Montenecourt et ~ 1981 ).
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The available commercial cellulase
preparations were prohibitive in cost due to low
yields and specific activi ties of enzymes. Lack of
understanding of cellulase enzymology and several
other physiological factors hindered the commercial
application of cellulases in cellulose hydrolysis.
Also, the cellulases of Trichoderma are subjected
to a number
(Montenecourt,
and specific
end-product
resulting in
cellulose.
of biochemical and genetic controls
1983). In addition to poor productivi ty
activity the enzymes are subjected to
inhibition and catabolite repression
inefficient hydrolysis of crystalline
Starting in the late 1970's
attention was focused on strain improvement of
Trichoderma reesei through a direct approach of
mutation and selection and also by genetic
manipulations.
from parent
Weber, 1969).
are RUT-C30
RL-P37 (She ir
A number of mutants were developed
Trichoderma reesei QM6A (Mandels and
Two important. hypercellulytic mutants
(Eveleigh and Montenecourt, 1979) and
Neiess and Montenecourt, 1984). The
mutants RUT-C30 and RL-P37 exhibit altered control
mechanisms of catabolite repression resistance,
end-product inhibition resistance and hypersecretion.
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QH6A ( wild type )
Most of the bottle necks in the
biochemical and regulatory mechanisms of cellulase
hydrolysis have been identified. In addition, cellulase
genes have been cloned and characterized.
Trichoderma reesei
I
I U.V.
Rut M7
I
.\ NTG
Rut NG14
I
NTG I
I
I
RUT-C30
I
I U.v.
I
I
BL-P37
Fig. 1. Lineage of mutant strains of L reesei
( Sheir-Neiss and Montenecourt, 1984 )
Inspite of these advances several
other areas require further investigation, such as
the morphology and growth physiology. A comparative
study between the parent QM6A and the hypersecretory
mutants RUT-C30 and RL-P37 is necessary to open up
an early window on spore maturation and germination.
There is very limited knowledge about the·se early
stages in the life cycle of the fungus and of the
physical and chemical factors which affect the
developmental stages of maturation and germination.
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B. Fungal morphology and growth physiology of ~ reesei
Fungal morphology and growth physiology
are studied as three main areas of investigation :
spore germination, mycelial growth and sporulation
(Yanagita, 1957).· Spores (conidia) are both the end
and the beginning of the development of the fungus.
They are the anucleate portion delimited from the
thallus, characterized by cessation of cytoplasmic
movements, small water content, lack of vacuoles and
specialized for dispersal, germination or survival
(Sussman 1966) . The process of germination is the
most desirable area to study, since germination develops
qui te synchronously among the large number of spores
starting "from dormancy to almost simultaneous isotropic
growth (swelling) and germ tube formation. Studies on
spore dormancy and germination will provide us with
new insights into the fundamental processes like
morphological, cytological and physiological changes
which play an important role in regulating cellular
development.
period or
development.
Dormancy of a spore is a rest
reversible interruption of phenotypic
The first phase is endogenous dormancy
6
where the development is delayed due to an innate
property of the dormant spore whereas in the second
phase of exogenous dormancy, delay is due to
unfavorable physical and chemical conditions of the
environment (Sussman and Douthit, 1973). Dormancy is
broken by the activation of spores, which is a cascade
of events, altering the conformation of the .. activation
protein .. present in the inner wall of the plasma
membrane (Cotter, 1981). This follows germination of
the spore in which metabolically quiescent cells
respond to changes in environmental conditions by
reactivating physiological processes and fungal gene
expression to produce rapidly growing cells.
C. Effect'of temperature ~ germination and branching of
L.. reesei
Early stages in spore germination
are markedly affected by both physical factors such
as temperature, pH, and relative humidity; and chemical
factors such as nutrients, self inhibitors, and other
chemical compounds such as membrane perturbing agents.
Most studies on fungal spore germination and various
physical and chemical factors affecting it have been
focused on the genera Aspergillus and Neurospora.
7
Both the latent period of germination and the maximum
percent germination within a time period in most dormant
spores are influenced by temperature. Temperature
considerably affected germination and germ tube
formation of Aspergillus niger. The rate of germination
of spores was found to increase with increasing
temperature, 230C to 300C. The optimum rate was observed
in the 300C to 340C temperature range. Rate of
germination rapidly falls off to zero by lowering the
temperatures (Abdel-Rahim. A H. and Hassan A. Arbab,
1985) . Temperature also had a differential effect
on swelling (spherical growth) and germination of
spores of Aspergillus niger (Yanagita, 1957). Growth
temperatures have a significant effect on the isotropic
growth (swelling) of spores. A critical supraoptimal
temperature has been shown to selectively allow
isotropic growth phase while inhibiting germ tube
formation with conidia of Aspergillus niger (Anderson
and Smith, 1972 ), Neurospora cassa (Cortant and Turian,
1974) and Penicillum urticae (Sekighchi et ~ 1975a).
Temperature has also been shown to affect mycelial
growth rate and cellulase production in ~ reesei
(Herivuori and Sands, '1990 Herivuori et al, 1990).
Studies in this laboratory showed that there is a
8
decrease in protein secretion (cellulases) and a
simultaneous increase in the specific activity of
cellulase enzymes when mutant RL-P37 was grown at 370C
(Supraoptimal-temperature) than at 28°C (optimum
temperature for cellulase production). In contrast, wild
type QM6A' did not show any significant changes in
protein secretion and specific activity when compared at
both supraoptimal and control tempe rature. (Merivuori
and Sands, 1990 Meri vuori et al, 1990) .
Another study in this laboratory
revealed that both parent (QM6A) and mutant (RL-P37)
strains exhibit basal levels of secreted proteins in the
first 24 hours which is a phase of spore germination
(Siegler~thesis, 1986). Controlled fermentation studies
were done to compare the protein secretion of the parent
(QM6A) and the mutants (RUT-C30 and RL-P37). The total
complement of secreted proteins of the two mutants was
distinct from the parent. The two mutants RUT-C30 and
RL-P37, secreted approximately four to five times more
total cellulases than the parent QM6A. More importantly,
the specific productivities were 108 IU/1/h (RL-P37),
87 IU/1/h (RUT-C30) and 18 IU/1/h (QM6A). This indicates
rapid rates of enzyme production in the mutant strain
RL-P37 as compared to the parent QM6A or other mutant
RUT-C30 (Sheir-Neiss et s1L 1984 ).
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As illustrated above, a considerable
amount of research has been done to visualize secretion
patterns of the three strains of ~ reesei at different
temperatures. However, very little is known concerning
how the three strains compare in their early stages of
life cycle (germination) at high and low temperatures.
This is one of the vital phases in the life cycle of the
fungus which affects both the mycelial growth rate and
secretion.
How does the mutant strain RL-P37
compare with the other two strains, mutant RUT-C30 and
parent QM6A, in the early stages of conidiaL germination
and branching at different temperatures (370C, 28°C and
17°C), given that it is ranked as the best hypersecretor
among the three strains ? To find the answer to this
question, I evaluated early morphological stages of
these three strains subjected to various growth
temperatures.
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D. Effect of ethanol 2n geraination and branching
of l.:... reesei
Early studies (Gray, 1941)
demonstrated that inhibition of. fermentation was due
to a· "staling effect" due to an accumulation of toxic
products resulting from the fermenting organism's own
metabolism. Ethanol is one of the primary end products
responsible for inhibiting fermentation. Alcohol
research has shown that fermentation can be prolonged
by supplementing specific lipid molecules. The effects
of membrane-perturbing agents, especially short chain
alcohols, on prokaryotic and eukaryotic cells have
been reviewed (Ingram and Buttke, 1984). A considerable
amount of research has been done on the effect of
alcohol on micro-organisms (Ingram and Buttke, 1984).
Host bacteria exhibit a dose-dependent inhibition of
growth over the range from 1% to 10% ethanol. The
toxicity of alcohol is directly related to their
chain length and hydrophobicity. Longer chain alcohols,
up to a chain length of around 10 carbons, are much
more potent inhibitors than are the shorter chain
alcohols. De spi te a great deal of re search, it
is still not clear exactly how ethanol inhibits
various essential functions of the cell.
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Part of the difficulty in distinguishing mechanisms
is due to the multiplicity of alcohol-sensitive sites.
Fried and Novick (1973) have
reported that growth of ~ coli in the presence of
ethanol resulted in interference with cell division,
and production of elongated cells which divided on
removal of ethanol. Ethanol-resistant mutants did
not exhibit this pleomorphy, and growth of cells
was actually stimulated by low concentrations of
ethanol. These effects result from non-specific
actions of ethano 1 (Fried and Novick, 1973). Ethanol
causes an unusual growth-dependent cell lysis in some
strains of L... coli which also results from effects on
peptidoglycan assemblV. Cultures lyse after 3 to
4 hours of growth in the presence of 2-5% ethano 1.
Mutants isolated are resistant to this growth-dependent
q
lysis by ethanol and peptidoglycan cross-linking in
growing cell wall in these mutants was not affected by
ethanol. Another effect of ethanol is that it causes a
retardation in the rates of RNA, DNA and protein
synthesis in ~ coli (Ingram, 1977b). Addition of
ethanol causes a decrease in ~rowth accompanied by
simultaneous decrease in rate of RNA accumulation.
Guanosine tetraphosphate, a regulatory metabolite which
12
couples RNA synthesis and protein synthesis increased
on addition of ethanol (Haseltine et ~1972).
Hydrophobic interactions are the
principal driving force for the biological self assembly
of membranes, and both electrostatic and hydrophobic
interactions are involved in maintaining the spatial
organization of membrane components. Addition of
alcohol
in this
would be expected to
complex organization.
cause
High
profound changes
concentrations of
alcohol solubilize lipids and denature proteins leading
to membrane destruction. Lower concentrations of alcohol
disrupt the cellular permeability barrier increasing
the rate of leakage of small molecules in native
membranes (Pang et ~ 1979). The potency of an alcohol
for leakage is directly related to i ts hy~rophobicity.
Increased leakage of ions and metabolites may be
responsible for decreased rate of growth in the presence
of alcohol.
Alcoho 1 s al so have been shown to
inhibit transport systems in eukaryotic micro-organisms.
There are several reports describing the inhibitory
effect of ethanol on transport of sugars and amino
acids in Saccharyomyces cerevisiae (Thomas and Rose,
1979 ; Leao and Van Uden, 1982 ; Carlsen et al., 1991).
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The inhibition pattern is noncompetitive, ethanol
decreasing the maximal uptake rate of sugars and amino
acids. The correlation found between the hydrophobicity
and ability of alkanols to inhibit glucose utilization
(Ingram and Buttke, 1984) and glucose uptake (Leao and
Van Uden, 1982) seems to indicate a membrane effect.
The results of Thomas and Rose (1979) indicate a
re lationship between inhibition of growth and nutrient
transport by alcohol and changes in membrane-lipid
composition. The interaction of ethanol with membranes
is also involved in the inhibition of glycolysis.
There is competitive inhibition by ethanol for
phosphoglycerate kinase, phosphoglycerate mutase and
pyruvate decarboxylase, and non-competi tive inhibition
of the other remaining nine enzymes (Miller et. al.,
1982) .
As documented above alcohols
have been shown to inhibit transport systems in
both prokaryotes and eukaryotes. It is evident that
alcohols act at the level of cell membrane. The addition
of re levant concentrations of alcohol s increase s the
level of. freedom of motion within the membrane (membrane
fluidity), lowers the phase transition temperatures
of model membranes and decreases membrane order by
increasing membrane fluidity (Ingram and Buttke, 1984).
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Secretion processes involve many membranous structures
in the cell. The effect of the short chain alcohol,
ethanol, on the secretion of cellulases from Trichoderma
has been studied in this laboratory. The effects of
various concentrations of ethanol on mycelial growth of
wild type QM6A and hypersecretory mutant RL-P37 were
determined. Ethanol (1%) inhibited growth only slightly
but 2% ethanol had a significant effect on growth,
causing 40% inhibition in QM6A and 70% inhibition in
Ethanol had a dramatic effect on protein
inhibiting hypersecretion
RL-P37.
secretion
completely
by
at
RL-P37,
concentrations that only slightly
inhibited mycelial growth. There was no noticeable
~ffect on protein secretion from QM6A under same
condi tion"s (Merivuori and Sands, 1990). To determine
whether the reduction in the level of secreted
proteins by the mutant RL-P37 was exhibited due to
inhibition of protein synthesis or blockage of
p'rocessing or transport of the proteins at some stage
of the secretory process was further investigated in
this laboratory. It was reported that limiting
including
posttranslationalconcentrations
modifications,
of ethanol alter
glycosylation, in mutant
RL-P37 (Merivuori et.al. ,1987). As documented above,
15
E.
low levels (1.0% and 1.5%) of ethanol perturbed the
glycosylation of the secreted proteins and also
inhibited protein secretion much more strongly than
the mycelial growth in hypersecretory mutant strain
RL-P37. How the mutant strain RL-P37 and parent QM6A
responded to various concentrations of ethanol (0.5%,
1.0%, 1.5% and 2.0%) in their early stages of spore
germination and branching is to be determined by my
research, given that mycelial growth rate is not
affected by low concentrations of ethanol.
Growth of ~ reesei in defined medium
Trichoderma grows· readily in solid
or liquid media and also can utilize a diverse range
of substrates. Carbon sources include many sugars and
polysaccharides such as cellulose, chitin, pectin,
starch and xylan. Trichoderma can also utilize
different nitrogen sources including ammonium
compounds, some amino acids and proteins. Conidia of
Trichoderma require an exogenous supply of carbon and
ni trogen for germination (Martin and Nicolas, 1970).
In the absence of carbon and nitrogen sources there
is no germination although with carbon but without
16
ni trogen there was some swelling in conidia. In
laboratory experiments it is essential to standardize
culture conditions, since morphologic variations may
arise through nutritional and environmental inf I uences
(Eveleigh, 1985, for review). Trichoderma grows best in
an acidic environment with the optimum temperature for
growth being 320C to 350C (Ryu and Mande1s, 1980).
Trichoderma colonies grow rapidly
from conidia, initially forming a smooth white surface
and then become compact, following conidiation.
Colonies produce yellow pigments, but mature colonies
are .green from the conidial masses. Conidia come from
branched aerial conidiophores (Rafai, 1969), In liquid
cultures, after a time lag, the conidia mature and
germinate·, The germ tube elongates to form vegetative
hyphae which branch and rebranch to form long tubular
filaments, mycelia. The cell walls are comprised of
B-glucans and chitin. Chitin synthesis occurs at the
hyphal tips (Bourne, 1986) , This is the rapid
vegetative growth phase of the Trichoderma. After
utilization of most of the nutrients a period of
exhaustion prevails, The exhaustion of the limiting
nutrient in the growth medium marks the reconidiation
of the older hyphae which restart the life cycle.
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MATERIALS AND METHODS
A. Trichoderma reesei strains
Three strains of Trichoderma reesei,
wild type QM6A and two hypersecretory mutants RUT-C30,
RL-P37, were used for temperature studies. For
ethanol studies only two strains were compared, wild
type QM6A and hypersecr-etory mutant RL-P37. Conidial
suspensions for all the three strains were made
by the same procedure. Eight to ten silica pellets
were sprinkled on potato dextrose agar (Difco) plates
and grown at 26+/-2 oC. After seven to ten days
conidia were harvested by sterile 20% glycerol.
Autoclaved glass-wool plugged test tubes were used
to keep the conidial suspension free of mycelia. The
conidia count was done using hemocytometer.
B. Germination Medium for Spore Germination For
Te.perature Studies
Controll
temperature used for
Submerged
of Vogal's
source) and
Growth
control studies was 26+/-2 0 C (optimum).
fermentation studies were carried out in
salts (Vogal,1956), 1% lactose (carbon
0.1% protease peptone (nitrogen source).
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50 ml of germination medium was transferred into
250 ml Erlenmeyer flasks and autoclaved at 1210C for
20 minutes. Germination medium was innoculated with
conidial suspension to a final concentration of 2X10 5
spores / ml of medium. Conidial suspensions of strains
QM6A (wild type), RUT-C30 (hypersecretory mutant)
and RL-P37 (hypersecretory mutant) were used in the
duplicate flasks. The flasks were incubated at 26+/-2 0C
on the r'otary shaker at 250 rev. /min and samples were
removed at intervals. The following was used to
calculate the final conidial concentration to ,be added
into the 50 ml germinating medium in the flask.
n X 4 X 10 6 • conidia / ml
n • average number of spores
squares
in ten hemocytometer
1 / conidia/ml • X / 10 7
X • final conidial concentration of spores to
be added into 50 ml germination medium
Germination medium' for spore at high (370C) and low
(170C) temperatures
Submerged ferme~tation studies were
carried out at 370C and 170C. Three strains, wild type
(QM6A) and hypersecretory mutants (RUT-C30, RL-P37) were
used.
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C. Microscopy
From the time of inoculation
samples were taken every 4 hours up to 24 hours. A
drop of germination medium was removed from the flask
and observed under 100X magnification (oil immersion
microscopy) . Four stages of early development were
identified and counted. They were swollen conidia,
ripe conidia, germinated conidia and branched conidia.
If the counting had to be postponed for few hours, the
germination medium was removed in sterilized eppendorf
tubes and kept over ice. All treatments were made
in triplicates.
the microscope.
An Olympus camera was attached to
Tx-max 100 (Black and White) film
was used to take pictures of all the stages.
Percent germination and branching
was calculated on the basis of the total conidia in
the drop which on the average was approximately 200.
D. Theoretical calculation ~ average number of spores
~ drop
Flasks were innocu1ated with 2 X 10 5 conidia / m1
or 10 7 / flask (50 m1). Conidia / m1 was calculated
by dividing 2 X 10 5 (total conidia in 50 m1) by
50 m1 of germinating
20
medium in the flask.
Conidia / ml. 2 X 10 5 / 50 • 4000 conidia
There were 20 drops in 1 ml of germinating medium.
so, 20 drops • 1 ml
or 20 drops • 4000 conidia
or 1 drop • 4000 / 20
or 1 drop • 200 conidia
The theoretical average of 200 conidia / drop' turned
out to be very close when actual counting of conidia
was done in a drop of germinating medium.
Calculations I
Triplicate readings for each
sample were taken and mean of these three readings
were used for graph purposes. Mean, standard deviation
and coefficient of variance were calculated. The
coefficie"nt of variance was calculated to compare the
amount of variation in spore populations having
different means. This was simply the standard deviation
expressed as a percentage of the mean. Formulas used
werel
Mean (x) •
3
. Standard deviation •
(Xl-X)2 + (X2-X)2 + (X3-X)2
3
Coefficient of Variance D
21
S.D
Mean
E.
Lower and upper range of standard deviation and
coefficient of variance was depicted under each graph.
Germination Medium for Spore Germination For
Ethanol Studies
Control I
~ reesei strains, QM6A (wild type)
and hypersecretory mutant, RL-P37, were used for the
following experimentation. Optimum growth temperature
of 26+1-2°C was kept constant for both control and the
germination medium with ethanol. Submerged fermentation
studies were carried out in Vogal's salts (Vogal, 1956),
1% lactose (carbon source), 0.1% protease peptone
(nitrogen-source).
250 ml of germination medium
was transferred into 500 ml Erlenmeyer flasks and
autoclaved at 1210C for 20 minutes. The germination
medium was inoculated with conidial suspension to a
final concentration of 2X10 5 conidia I ml of the
medium (250 ml). The flasks were put in duplicates.
The flasks were incubated at 26+1-2 0 C on the rotary
shaker at
intervals.
250 rev./min and samples were removed at
Calculation for the final conidial
concentration to be innoculated was calculated the same
way with the formula used for the temperature studies.
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Germination medium for spores with 0.5\,
1.0\, 1.5\ and 2.0\ ethanol concentrations
Submerged fermentation studies
were carried out with 0.5%, 1.0%, 1.5% and 2.0% ethanol
concentrations. Two strains, wild type (QM6A) and hyper-
secretory mutant (RL-F37),were used for this experiment.
F. Microscopy
Samples were taken every 2 hours up to
18 hours, from the time of innoculation. A drop of
germination medium was removed from the flasks and
observed under 100X magnification (oil immersion
microscopy). Four stages of early development were
identified and counted. They were swollen conidia,
ripe conidia, germinated conidia and branched conidia.
If the counting had to be postponed for few hours, the
germination medium was removed in sterilized eppendorf
tubes and kept over ice. All treatments were made in
triplicates. An Olympus camera was attached to the
microscope. The film roll Tx-max 100 (Black and White)
was used to take pictures of all the stages.
Percent germination and branching was
calculated on the basis of the total conidia in the drop
which on the average was approximately 200. Calculations
were the same as shown above for the temperature
studies.
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RESULTS
The aim of this research was to
characterize Trichoderma spore germination and mycelial
branching for several genetically distinct strains under
a variety of conditions of growth, The developmental
,changes in the maturation and germination process were
studied (as a simple temperature and ethanol
manipulation), The results were expressed as percentage
germination and branching over a time period which
allowed nearly all activated spores to germinate, As
reported earlier (Manners, 1968) a convenient method of
expressing rate,of germination as a single figure is the
determination of latent period of germipation, ie I the
time taken for a given percentage of spores to
germinate', Another alternative way of expressing
germination is extent of germination, ie time taken
for maximum number of activated spores to germinate,
Both the above methods were applied as the measurement
of germination,
Before the results are discussed,
it is important to know that only one fourth of the
total population of spores inoculated in the germination
medium undergo activation and show germination and
branching,
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This first 24 hour study presented here followed
an early window of developmental stages of germination
and branching. The first 18 to 22 hours of the life
cycle of the fungus was enough time to identify and
count the early stages of the development of the
conidia. The time period (first 24 hours) was also
an important aspect of this study because it avoided
reconidiation in the samples.
A. Effect of temperature Q.Jl germination and branching 2!.
QM6A, RUT-C30 and RL-P37
Temperature 280C - Controll
All three strains were grown
at 280C, an optimum temperature for mycelial growth and
cellulase production. This temperature was used as the
control (standard) for the comparative study of
germination and branching at high (37°C) and low (17°C)
temperatures (Fig. 2, QM6A), (Fig. 3, RUT-C30) and (Fig.
4, RL-P37). In Figures 2, 3 and 4 the graphs depict
percentages of swollen and ripe conidia (ungerminated)
in comparison with the germinated and branched conidia
over a time period at 28 oC,37 0C and 170C. Latent period
of germination is the time interval in the life cycle of
25
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Fig. 2: To compare percent ungerminated and germinated
conidia in QM6A over a period of 24 hours at
280C, 370C and 40hr at 17°C
26
PERCENT GERM1NATlON &BRANCH1NG
IN~ AT 28C.<:Qtn'ROL
I
I
--APE
...
e8U".1Bl
-e-
!IfWOED
PERCENT GERMINATION &BRANCHING
. ~ R\.1l'COO AT 37C
I
I
--APE
...
OEJI,fit.lEl
-e-
IIWQI3)
11 " III 14 •
lIiIElitne
PERCENT GERMlNATlON &BRANCH1NG
~~AT17C
I
I
--1ft
..
Fig. 3: TO COIJ'?Nre percent ungerminated and germinated
conidia in RUT-C30 over a period of 24 hours at
28°C, 370C and 40 hours at 170C
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conidia in RL-P37 over a period of 24 hours at
280C, 370C and 40 hours at 17°C
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the conidia which marks the beginning of germination
(a few spores show the emergence of germ tube).
QM6A and RUT-C30 I
Both QM6A and RUT-C30 showed
12 hours as time lag for germination (beginning of
germination, Fig. 5). At'O hour time interval, only
7% of conidia in QM6A and 12% in RUT-C30 showed
germination (Fig. 5). Same at 20 hours, 7% conidia in
QH6A and only 1% in RUT-C30 showed branching (Fig. 6).
The 20 hour time interval showed the maximum percentages
of germination and branching.
RL-P37 I
percent
hour time
Maximum
hour,RL-P37 showed
germination.
was observed
a
at
short
16
Unlike
8
the above two strains
latent period of
germination of 22%
interval (Fig. 5).
At 20 hour time interval 12% conidia showe rl
bran,.hing (Fig. 6). Inspite of 4 hour delay in
branching from germinated conidia RL-P37 catches
up fast and showed highest percentage of branching
than the other two strains QH6A and RUT-C30.
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Fig. 51 Percent germination of QM6A, RUT-C30 and
RL-P37 at 28°C. Range of S.D (lower, .471 and
upper, 2.416). Range of c.v (lower~ 1.588 and
upper, 27.20).
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Fig. 61 Percent branching of QM6A, RUT-C30 and
RL-P37 at 28°C. Range of S. D (lower, .816 and
upper, 1.633). Range of C. V . (lower, 7.10 and
upper, 13.06).
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High temperature 370C I
By raising the growth
temperature to 370C no change in the latent period of
germination was observed in any of the three strains.
All the three strains showed higher number of conidia
reaching germination and branching, especially RL-P37.
QM6A and RUT-C30
The time lag of germination
was at 12 hours time interval. At the 20 hour time
interval 15% conidia in QM6A and 16% conidia in
RUT-C30 showed germination (Fig. 7). At the same
time interval of 20 hours 12% in QM6A and 10% in
RUT-C30 showed branching (F ig. 8). The time interval
for the maximum percentages of germination and
branching was the same.
RL-P37 I
The latent period of germination
in RL-P37 also showed no change with 370C growth
temperature. It was the same at 8 hour time interval
(Fig. 7). Unlike QM6A and RUT-C30, with the increase
of growth temperature to 370C, the conidia progressed
much faster from swollen stage to germinated and
branched stage. The time interval of 1l1a~imum
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Fig. 71 Percent germination of QM6A, RUT-C30 and
RL-P37 at 37°C. Range of S. D (lower, .787 and
upper, 2.449). Range of C.V (lower, 3.024 and
uppe r, 11. 66 ) .
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Fig. 8a Percent branching of QM6A, RUT-C30 and
RL-P37 at 37 °C. Range of S. D (lower, 817 and
upper, 1.920). Range of C.V (lower, , 1;0 and
upper, 7.785).
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germination was shifted down to 12 hours from 16 hours
at 280C. Not only did the conidia progress faster but
also expressed highest percentage germination of 33% at
12 hour period (Fig. 7). With the shifting down of the
time period of maximum germination, the time period of
branching of the germinated conidia was also shortened
by 4 hours to 16 hours from 20 hours and 26% of the
conidia showed branching· (Fig.8).
Low temperature 170C I
incubation temperature
three strains showed a
from swollen stage to
When the
was reduced to 17°C,
slower progression of
branched stage. The
growth
all the
conidia
conidia
stayed swollen for a long period of time.
QM6A and RUT-C30
The latent period of germination
was delayed up to 24 hours in both QM6A and RUT-C30.
The maximum percentage of germination was 9% for QM6A
and 8% for RUT-C30 at 32 hour time interval (Fig. 9).
Branching was severely inhi bi ted in both the strains
(Fig. 10).
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Fig. 91 Percent germination of QM6A, RUT-C30 and
RL-P37 at 17°C. Range of S.D (lower, .471 and
upper, 2.449). Range of C. V Clower, 1.60 and
upper, 13.610).
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Fig. 10, Percent branching of QM6A, RUT-C30 and
RL-P37 at 17°C. Range of S.D (lower, .821 and
upper, 1.632).
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RL-P37 I
The time lag of germination
was delayed up to 20 hours in RL-P37. At 36 hour time
interval maximum percentage of germinatfOrl conidia were
seen, which was 21% (Fig. 9). Like the above two
strains branching was also inhibited, but the last 40
hour sample showed about 4\ branching conidia (Fig. 10).
Again 4 hour delay was observed between germination and
"':~.,
branching of the conidia.
The results obtained in this temperature study are
tabulated in table 1, table 2 and table 3.
Table 1 I
LATENT PERIOD OF GERMINATION AT 280C. 370C. 170C
TEMP QM6A
12hr
12hr
24hr
38
RUT-C30
12hr
.12hr
24hr
RL-P37
Bhr
8hr
20hr
Table 2 :
TIME INTERVAL OF MAXIMUM PERCENTAGE OF GERMINATION
TllMP QM6A RUT-C30 RL-P37
)
( 7% )
(15%)
(9%)
20hr
20hr
32hr
(12%)
(16%)
(8%)
20hr
20hr
32hr
(22%)
(33%)
(21%)
16hr
12hr
36hr
Table 3 :
TIME INTERVAL AND MAXIMUM PERCENTAGE OF BRANCHING
QM6A RUT-C30 RL-P37
(7%) 20hr
(12%)20hr
(1%) 20hr
(10%) 20hr
39
(12%)
(26%)
(4%)
20hr
16hr
40hr
B. Structural chan~ during conidium maturation and
germination in ~ reesei at 28°C
QM6A (wild type) I
After a
~ 1lL Swollen conidium from the 4hr sample.
incubation period of 4~ hours in germination
40
medium the resting conidium started to swell.
This marked the breakdown of both constitutional
and exogenous dormancy. This imbibition caused
the spherical growth of CO" ic:H '1m to more than twice
t-he size of the dormant conidia. The cell wall of
conidium appeared thicker than the vegetative cell.
A single oval nucleus was present enveloped in a
typical nucleus double membrane with pores. A few
lipid bodies were present around the periphery. At
this time, the ultrastructural and biochemical
changes were more apparent and easily detectable~
41
~ 11. .!.. Ripe conidium t..t'om Bhr sample.
After the time lag period of 8 hours the activated
42
conidia showed the average volume of three to eight
times that of the dormant conidium. This 8 hour
incubation period, cal1~~ the late swelling stage
of the conidium, showed an irregular shape of the
nucleus indicating the onset of division. The lipid
bodies with no limiting membranes, disappeared
gradually during this phase. Swelling of conidia
is considered to be a very active, energy requiring
metabolic process, which concomitantly is accompanied
by ultrastructural changes (Rosen et al., 1974).
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IF we
.tlg ,U-L
consider
Germinating conidium from 12hr sample.
germination only morphologically then
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conidium is germinated when it has formed a
recognizable germ tube. Emergence of germ tube
might be either through a pre de termined thinner
region (germ pore) or by the enzyme dissolution
and I or mechanical rupture of outer layers. The
irregular nucleus continues to divide into one
or more nuclei which then migrate into the growing
germ tube before formation of first septum
(Rosen et al., 1974). Lipid bodies were rarely
found. At this ?oint most aspects of cell
metabolism are required for vegetative growth so
the de novo synthesis of many cellular components
like protein, RNA, lipids and polysaccharides is
necessary. Increase in respiration provided a means
of generating energy which is necessary for synthesis
of above cellular components (Van Etten, et al., 1984).
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""Branching conidium from 16hr sample.
The germ tube continued to elongate, leading to the
46
formation of vegetative
considered to be cell
lysing enzymes (Farkas
might be involved in the
apexes (bud) from the
envelope -associated, wall
& Roenburger, 1979) which
Autolysins are
branches.
to form
These primary
secondary and
hyphae.
formation
hyphae
branches
tertiary
of a new
to form
continued
branches.
hyphal
primary
budding
It is
believed (Van Etten, et. al, 1984) that vegetative
growth is not simply an extension of the events
associated with germ tube formation but requires
another "developmental program" for growth. Thus
the transition from germ tube formation to vegetative
growth may require the activation of new genes.
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~ ~ L Conidium with mycelium from 20hr sample.
Mature and germinated conidia grew to form long branched
t·
net work of filaments, myce lia. This showed the
'J
vegetative growth of Trichoderma with chitin synthesis
occuring at hyphal tips. After the rapid growth phase
and exhaustion of limiting nutrient, differentiation
occurred, conidiation of older hyphae (Dahlberg ~ Van
Etten, 1982)
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RL-P37I
In RL-P37 (mutant), all the
structural changes in maturation and germination were
similar to QMGA the wild type. The difference was in
the fast progression of conidia frnm swollen stage to
the germinated stage during its life cycle. They
matured ~nd germinated at an earlier time interval than
the strain QMGA. This is depicted in the following
pictures.
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ris ~ L Swollen and ripe conidia from 4hr sample.
After the time lag of about 4 hours in the germination
medium, resting conidia began to swell because of
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imbibition which marked the breakdown of both
constitutional and exogenoUR dormancy. The swollen
conidium was two to three times the size of the
restins conidia.' A single oval nucleus with nuclear
double membrane was present in the swollen conidium.
The ripe conidium, also known as, the late swelling
stage showed the average volume of three to eight
times that of the immature conidium. Lipid bodies
were rarely seen in it. The irregular shape of nucleus
indicates the onset of division (Rosen, et al., 1974).
This spherical growth (swelling) of conidia is not
merely the physical adsorption of water, but rather
an active metabolic process. It is observed in
electron-microscoscopic pictures, (Rosen, et al.,
1914) that there is an abundance of mitochondria
which suggests a high oxygen up take of the
conidia. This active, energy requiring metabolic
process concomitantly occurs with ultrastructural
and biochemical changes in the conidia.
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~ 12 L Germinating conidium from 8hr sample.
From a practical point of view, a conidium was
considered germinated when it had formed a recognizable
52
germ tube. One or two germ tubes might emerge throu.gh
predetermined thinner region (germ pore). No lipid
bodies were seen. The division of an irregular
nucleus commenced and one or more nuclei migrated
into the growing germ tube be fore formation of
first septum (Rosen, et al.; 1974). For vegetative
growth most aspects of cell metabolism required de
novo s~nt'h~sis of· protein, RNA, lipids and
polysaccharid~$~ This synthesis of cellular
components was a energy requiring process. Increase
in respiration provided a means of generating energy
which was necessary fur synthe.sis of the above
cellular components. (Van Etten et al., 1984)
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-'
~ ~ L Branching conidium from 12hr sample.
The germ tube of the germinated conidium continued to
mature and elongate leadi~9 to the formation of
54
vegetative hyphae. The initiation of the new hyphal
apexes (buds) from the older hyphae leads to the
primary branching. Autolysins are considered to be
cell enveloped -associated wall lysing enzymes
(Farkas & Rosenburger, 1979) which might be involved
in the formation of new hyphal apexes. These primary
branches continued budding and elongating to form
secondary and tertiary branches. It is thought
(Van Etten, et. al, 1984) that vegetative growth is
not simply an extension of t'he events associated with
germ tube formation but requires another "developmental
program" for growth. Thus the transit:inn from germ
tube formation to vegetative growth might require
activation and expression of novel genes.
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/~~ L Conidium with mycelia from 16hr sample.
Germinated conidia branched and rebranched to form a
three dimensional network of tubules, mycelia. This was
56
the phase of the vegetative growth of Trichoderma.
Excessive chitin synthesis occurs at hypha1 tips
as this is one of the rapid growth periods in the
life cycle of the fungus. Following this rapid
growth phase there was a period of exhaustion of
limiting nutrients. Exhaustion of a limiting nutrient
maTk~ri the onset of differentiation, conidiation of
the olde~ hyphae ~Dah1berg and Van Etten j 19B~'.
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C. Effect of ethanol ~ germination and branching of QM6A
and RL-P37 at 28°C
The strains QM6A and RL-P37
were g~OHn without ethanol at 28°C as controls.
These controls were used as standards for the
comparison
e ,)
of percent ,germination alld branching when
QM6A and RL-P37 were grown with 0. 5~ 1. 0%, 1. 5% and
2,0% ethanol concentrations. The results were documented
in the same manner as the temperature studies. Latent
period of germination and the time period of maximum
percent~~p of germination and branching were recorded.
QM6A with ~ ethanol- Controll
The latent period
of germination was observed at 14 hour time interval.
At a 18 hour time period, 14% of the conidia showed
germination and branching which was maximum per.centage
observed (Fig. 20).
,
RL-P37 with ~ ethanol- Controll
For RL-P37 the time
lag for germination was observed at 8 hours. At the 18
hour time interval, maximum of 25% of the conidia showed
germination and branching (Fig. 21).
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QM6A with 0.5% ethanola
--The addition of 0.5% ethanol
in the germinating medium with the innoculated
conidia ) shifted the latent period of germination from
14 hours in the control to 10 hours (Fig. 20). The time
interval for the maximum percentage of germination and
branching was the 'same as the control, 18 hours. The
percentage of germination and branching ~as 43% as
compared to 14% in the control (Fig. 20).
RL-P37 with 0.5% ethanola
Like QM6A, RL-P37
also showed the shifting of the latent period of
germination from 8 hours in control to 10 hours
with 0.5% ethanol. The percent~n~ of germination
and branching was much higher wlth 0.5% ethanol, 48%
as compared to 14% in the control (Fig. 21). The
time interval for maximum percentage of germination
and branching remained at 18 hours.
Again with addition of
1.0% ethanol the latent period of germination was
shortened by 4 hours, ie
59
from 14 hours in the control
PERCENT GERMINATION &BRANCHING
OF QM6A WITH O,5%ETOH AT 28C
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Fig, 20: Percentage of swollen and ripe conidia
(SC+RC).oprmtnated and branched conidia
(GC+BC) of QM6A grown in 0.5% ethanol are
compared wi~h the control at 280C.
Control: Range of S,D (lower, ,816 and upper,
5.099). Range of C,V (lower, .948 and upper,
5.80). 0.5% ethanol: Range of S.D (lower,.820
and upper, 4.082). Range of C,V (lower, 1.96
and upper, 10.80).
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PERCENT GERMINATION &BRANCHING
WITH 0.5% ETOH AT 28C.RLP-37
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Fig. 21: Percentage of swollen and ripe conidia (SC+RC),
germinated and branched conidia (GC+BC) of
RL-P37 grown in 0.5% ethanol are compared with
thp. control at 28°C. Control I Range of S. D
(lower, .821 and upper, 2.45). Range of C.V
(lower, .841 and upper, 2.89).
0.5% ethanol : Range of S. D (lower, .870 and
upper, 2.450). 'Range of C.V (lower, .886 and
upper, 10.20).
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to 10 hours with eth~nol. At 18 hour time interval 48%
of germin~t~on ~nd branching was seen as compared to 14%
in the control (Fig. 22).
RL-P37 with 1.0% ethanol:
The time lag of
germination still remained the same at 10 hours with
1.0% ethanol. The time interval for highest percentage
of germination and branching was seen at 18 hours
32%, wh1eh was lower than the percentage with 0.5% but
still higher than the control (Fig. 23).
QM6A with 1.5% ethanol:
was still ~t 10 hours
Latent period of germination
with 1.5% ethanol in the
germinating medium. The time interval for maximum
percentage of germination and branching dropped down
to same as latent period of ge~tnation, 10 hours.
The percentage of,- germination and branching was 29%
which was lower than both 0.5% and 1.0% percentages
but still hiaher than the control (Fig. 24).
RL-P37 with 1.5% ethanol.
The addition of 1.5%
ethanol in the germinating medium still showed the time
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PERCENT GERMINATION &BRANCHING
OF QM6A WITH 1.0%ETOH AT 28C
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Fig. 22: Percentage of swollen and ripe conidia (SC+RC),
germinated and branched conidia (GC+BC) of QM6A
grown in 1.0% ethanol are compared with the
control at 28°C. Control: see fig. 20
1.0% ethanol: Range of S.D (lower, .316 and
upper, 4.898). Range of C. V (lower, 1. 23 and
upper 14.40).
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PERCENT GERMINATION &BRANCHING
WITH 1.0% ETOH AT 28C~RLP-37
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Fig. 23: Percentage of swollen and ripe conidia (SC+RC),
germinated and branched conidia (GC+BC)' of
RL-P37 grown in 1.0% ethanol are compared with
the control at 280C. Control : see fig 21
1. 0% ethanol : Range of S. 0 (lower, .010 and
upper, 2.449). Range of C.V (lower, .010 "' .... Ii
upper, 6.270).
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PERCENT GERMINATION &BRANC,HING
OF QM6A WITH 1.5%ETOH AT 28C
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Fig. 24: Percentage of swollen and ripe conidia (SC+RC),
germinated and branched conidia (GC+BC)of QM6A
grown in 1. 5% ethano 1 are compared with the
control at 28°C. Control: see fig. 20
1.5% ethanol : Range of S.D (lower, .816 and
upper, I' 102), Range of C.V (lower, 1.25 and
upper, 13.06).
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PERCENT GERMINATION &BRANCHING
WITH 1.5% ETOH AT 28C,RLP-37
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Fig. 251 Percentage of swollen and ripe conidia (SC+RC),
germinated and branched conidia. (GC+BC) of
RL-P37 grown in 1.5% ethanol are compared with
the control at 28°C. Control 1 see f~g 21
1. 5% ethanol 1 Range of S. D (lower:\, .820 and
upper, 1.632). Range of C.V (lower, 1.63 and
upper, 5.10).
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lag of germination at 10 hours. The appearance of
the highest percentage of germinating and branchi~9
conidia was also at 10 hours, 23% (Fig. 25). This
demonstrated that percentage of conidia which were
to undergo maturation and germination develop very
fast and express themselves at the first sign of
germination ie, latent peri nrl --of germination.
QM6A with 2.0% ethanolz
Conidia with 2.0% ethanol
in the germinating medium behaved in a similar manner
as the conidia with no ethanol (control). Latent
period of germination shifted back to 14 hours
and ~only 8% of the conidia germinated and branched
at 18 hour time interval (Fig. 26). Most of the
conidia stayed in the swollen stage.
RL-P37 with 2.0% ethanolz
Conidia with 2.0%
ethanol in the germinating medium were tot611y
inhibited. None of the conidia progressed up to
maturation or germination. Because of high mortality
of conidia, there was a low percentage of swollen
conidia present in the sample (Fig. 27).
The result.R obtained in this ethanol study are tabulated
in table.4 and table 5.
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PERCENT GERMINATION &BRANCHING
OF QM6A WITH·2.0%ETOH AT 28C
120
---100 2.O%SC+RC
""'*-
< 2.O%GC+BC0
-.-Z CONTROL-SC+RC0
0
-e-r
z CONTROL-GC+BCw
0
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w 20D-
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-20
0 2 4 6 8 10 12 14 16 18 20
TIMEINHRS
Fig. 26: Percentage of swollen and ripe conidia (SC+RC),
germinated and branched conidia (GC+BC) of QM6A
grown in 2.0% ethanol are compared with the
control at 28°C. Control: see fig. 20
2.0% ethanol: Range of S.D (lower, .102 and
upper, 4.082). ~::lnQe of C.V (lower, .102 and
upper, 10.20).
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'PERCENT GERMINATION &BRANCHING
WITH 2.0% ETOH AT 28C,RLP-37
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Fig. 271 Percentage of swollen and ripe conidia (SC+RC)
germinated and branched conidia (GC+BC) of
RL-P37 grown in 2.0% ethanol are compared with
the control at 28°C. Control I see fig 21
2.0% ethanol 1 Range of S.D (lower, .816 "'lnd
upper, 3.265). Range of C.V (lower, .850 and
upper, 5.93).
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Table 4 I
LATENT PERIOD OF GERMINATION OF QM6A AND RL-P37
WITH 0.5%, 1.0%, 1.5% AND 2.0% ETHANOL, AND CONTROL
ETOH CONC.
CONTROL
0.5%
1. 0%
1.5%
2.0%
QM6A
14hr
10hr
10hr
10hr
14hr
RL-P37
8hr
10hr
10hr
10hr
Table 5 I
TIME INTERVAL OF MAXIMUM PERCENTAGE OF GERMINATION AND
BRANCHING WITH ETHANOL CONCENTRATIONS
ETOH CONC. QM6A RL-P37
CONTROL (14%) lShr (25%) 18hr
0.5% (43%) 18hr (48%) 18hr
1. 0% (47%) 18hr (32%) 18hr
1. 5% (29%) 10hr (23%) 10hr
2.0% (8%) 18hr
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D. Morphological changes in conidium germination and
branching of 1.:... reesei with hQ!. and 1.5% ethanol
....
j-
QM6A (wild type)s
Branching mycelia from 1! hr sample
with 1. 5% e~hanol
Branching in presence of 1.5% ethanol showed thin
tubular mycelia but did not show a dramatic
morphological change as
71
in thp mutant RL-P37.
RL-P37 (mutant)
control.theto
Branching mycelia from 12hr
sample with 1.0% ethanol
under stressed condition
a drastic morphological
were ·t~isted knotted
compared
72
mycelia
as
mycelia growing
1. 0% ethanol showed
change. The
and deformed
The
of
(~~ Branching mycelia from 14hr sample
with 1.5% ethanol
With 1.5% ethanol again R~me morphological changes were
observed. The.. mycelia twisted and knotted on itself
forming bunches of mycelia.
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SUHHARY OF RESULTS
Temperature studiesz
1. All three strains show different germination
patterns but the mutant RUT-C30 resembles the
parent QM6A more than the other mutant RL-P37.
2. At 280C RL-P37 shows a short 8 hour time lag of
germination as compared to the other two strains
at 12 hours.
3. At 280C, RL-P37 shows the highest percentage of
spore germination and branching at 16 hours as
compared to the other two strains at 20 hours.
4. At 370C, RL-P37 again shows 8 hour time lag for
germination as compared to the other two strains
at 12 hours.
5. At 370C, the spores of RL-P37 progress much faster
from swollen stage to branched stage so the highest
percentage of spore germination and branching is
shif~p.d up to 12 hours from 16 hours at ~QC,
6. At 170C, all three .strains show a slower
progression of spores from swollen stage to
branched stage.
7. At 170C, RL-P37 shows the delayed time lag of
germination at 20 hours. as compared to the other
two strains at 24 hours.
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...
8. At 170C, RL-P37 shows the maximum percentage of
spore germination at 40 hours as compared to the
other two strainR at 32 hours.
9. At 170C, branching is severely inhibited in all
the three strains, RL-P37 showing only 4%
branching at 40 hours.
Ethanol studies I
10. In QM6A the latent period of germination was
shifted back by 4 hours i.e. from 14 hours in
control to 10 hours with 0.5%, 1.0% and 1.5%
ethanol.
11. In RL-P37 the latent period of germination was
shifted forward bv 2 hours i. e. from 8 hours in
control to 10 hours with 0.5%, 1.0% and 1.5%
ethanol.
12. In
of
with
both QM6A
germination
the same
and RL-P37 very
and branching
three ethanol
high percentage
was observed
concentrations
as above in comparison to the controls.
13. In Ql'6~ the latent period of germination was
shifted back to 14 hours just as in the control and
only 8% of conidia showed germination and branching
with 2.0% ethanol.
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14. In RL-P37 germination was severely inhibi t.,.d and
also high mortality ~r conidia was observed with
2.0% ethanol.
15. Wi th 1. 5% ethanol the time interval of maximum
percentage of germination and branching shifted
bsC'!1r to 10 hours which was the latent period of
germination from 1a·hours in both the strains.
16. Growth in the presence of 1. 0% and 1. 5% ethanol
causes morphological changes in RL-P37 resulting in
more twisted and knotted mycelia.
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DISCUSSIO~
In this discussion an attempt has been made to elucidate
some nf the possible effects of temperature and ethanol
on spore maturation and qermination of the fungus
Trichoderma.
A. Temperature studies:
The results suggested
that hypersecretory mutant RUT-C30 resembles the
parent QM6A in its patternsof germination and branching
IItore than the other hypersecretory mutant RL-P37
(fig. 2, 3 and 4). This may be because of different
genotype of RL-P37, which provides a better phenotypic
expression in terms of maturation and germination
of its conidia, than the other two strains.
This study also demonstrated that
the germination rate of conidia increased with the
rise of temperature and decreased with a drop in
temperature (fig. 7, fig. 9). These results are
consistent with results obtained from Aspergillus.
The rate of germination of the spores of &,. niger
increases gradually with increasing t.emperatures from
23°C to 30 0 G (Abdul-Rahim and Arbab, 1985). It has
been reported that micro-organisms germinate slowly
at low temperatures but increase their rate with
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and Hussain, 1963). Zaracovitis, 19fifi
further evidence to support the conclusion
increase
(Manners
provides
in temperature up to limiting levels
cause
stainstwont-herthetocompared
study, RL-P37
germination asof
the
which sugge st, low temperatures slow down the growth
reactions while very high temperatures
denaturation of specific proteins and thus the rate
of germination will rapidly falloff to zero.
At all three temperatures of
showed the shortest latent period
(fig. 5, fig 7 fig. 9). Under the same temperature
condi tions, RL-P37 also showed the highest percentage
of germination in shortest possible time interval,
especially at high temperature of 37°C (fig. 6,
fig. 8,. fig. 10) . RL-P37 not nnl v expressed high
percentages of germl~ation and branching at 37°C
but also showed fast progression of conidia from
swollen stage to germinated stage. Also RL-P37 was
more tolerant to effects of temperature than the
other strains. These differences in sensitivi ty
between the strains may be a membranp related
phenomenon. Elevated teinperature causes an increase
in membrane fluidity and decrease in membrane order.
Both temperature and ethanol have been shown to
induce a synthesis of heat shock proteins in yenst
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(Plesset et al., 1982) and in mammalian cells (Li and
Werb, 1982). Wi th increasing growth temperature, the
lipid r.omposition of the membrane changes in an effort
by the cell to counterbalance temperature-dQpendant
changes in the physical state of the lipid bilayer
(N.Van.Uden, 1984). Therefore there is a possibility
that the lipid content and / or composition in RL-P37
differs from that of QM6A making RL-P37 more sensitive
to high temperature, which increases membrane
permeability to ions and small metabolites. This
is supported by the results obtained in this laboratory
that showed that. RL-P37 contains one and a half times
more lipid (in mg / g wet weight) than QM6A (Khanna-
Gupta, unpublished results Brown et al., 1990).
No firm conclusions concerning the relative differences
in the lipids to the sensitivity of different strains
to temperature can be drawn. However the results
suggest that membranes may be involved.
I would also like to conclude
from my results that the temperature 28°C used as a
control for comparison in this study is actually an
optimum temperature for mycelial growth and cellulase
production. However, the optimum temperature for
germination is 370C for al1 thr~e strains.
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A correlation was observed between
the degree of branching of the germ tubes and the degree
of spherical growth. Conidia showing little spherical
growth developed rapidly, senft'! net out germ tubes which
were thin and unbranched, whereas larger conidia
developed thicker germ tubes with a greater degree of
branching. These results are also true for Aspergillus
(Anderson and Smith, 1972).
Another observation W~;; that
after the time interval of maximum branching, a peak of
swollen conidia was seen. This could be explaine"d as
differentiation, where the sporogenic genes were
activated and expressed by starvation for carbon and /
or nitrogen source. Reduction in the supply of certain
nutrient& often induces sporulation (Sussman, 1q~6).
Kleb's law, states that sporulation is generally favored
by nutritional condi tion,g that restrict growth. Some
fungi have specific carbon and nitrogen requirements for
sporulation, whereas others sporulate only upon
starvation, nutritional depletion or upon combination of
several stimuli (Dahlberg and Van Etten, 1982).
The conidia of strains RUT-C30
and QMGA germinated in fair numbers but a few of these
germinated conidia progressed towards branching, whereas
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RL-P37 showed most of the germinate,d conidia reaching
,the branched stage (fig. 7 and fig. 8\. One possibility
of inhibition of branching in QM6A and RUT-C30 could be
the lower levels of autolysins (the wall lysing enzymes)
than in RL-P37. The involvement of these enzymes in the
apical wall growth is often found to correlate with the
level of these enzymes and the process of branching and
germination. It appears that there is action of
autolysins whenever a new hyphal apex arises from an
p.visting hyphae. The increased levels of wall-lytic
enzymes are detected in the mycelium or in the medium
during increased branching in h reesei (Polacheck and
Rosenberger, 1978) and in Neurospora crassa (Mahadevan
and Mahadevan, 1970).
B. Ethanol studies with QH6A and RL-P37 :
In QM6A, shorter latent period
of germination and very high percentage of germination
and branching with low concentrations of ethanol
as compared with control suggests ethanol in low
concentrations may be acting as a spore activator
(fig. 20,fig. 22 and fig. 2~)
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In RL-P37 the latent period of
germination increases from eight hours in control
to ten hours with low concentrations of ethanol.
Inspite of the time increase in the latent period
a very hlgh percentage of gerlll ination and branching
was observed under the same ethanol conditions, again
suggesting that low concentrations of ethanol act as
a spore activator (fig. 21, fig. 23 and fig. 25). It
is not clear why the latent period of germination in
RL-P37 shifted up to ten hours. However, this ten hour
period seems to be critical for germination of conidia.
Both strains showed a consistent latent period of
germination of ten hours wi th the three lowest
concentrations ethanol. Solvents like alcohol and
acetone -which also function as wetting agents
activate ascospores of Neurospora tetrasperma (Sussman
et al, 1959). Another evidence supporting this (Pang et
al, 1979) suggests that low concentrations of alcohol
disrupt the cellular permeability barrier increasing
(,.
the rate of leakage of small molecules through native
membranes.
Ethanol in 2.0% concentration
appeared to have inh.ibitory effects on both conidial
activation and germination.
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In QM6A the latent period
was shifted back to fourteen hours and 8.0% branching
that occurred was even lower than the control (fig. 26).
RL-P37 certainly was lABS tolerant than QM6A because no
maturation or germination of conidia was observed (fig.
27). The mutant RL-P37 was less tolerant to effects of
alcohol than wild type QM6A. This difference in
sensitivity between the strains might be associated with
membrane distortion. High concentrations of alcohol
solubilize lipids and denature proteins leading to
membrane destruction and a variety of biophysical
effects. The results of Thomas and Rose, 1979, also
indicATP a relationship between inhibition of growth
and nutrient transport by alcohol and membrane-lipid-
composition. There are several reports describing the
inhibitory effect of ethanol on transport of sugars and
~mino acids in Sacch. cerevisie (Thomas and Rose,
1979 Leao Van Uden, 1982 Carlsen et al., 1991).
Also the co-relation found between hydrophobicity and
ability of alcohols to inhibit glucose ut~lization
(Ingram and Buttke, 1982) and glucose uptake (Leao and
Van Uden, 1982) seems to indicate a membrane effect.
As discussed earlier it may also
be a possibility that the lipid content and lor
composi tion in membranes ()f RL-P37 differs from that
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of QM6A, making RL-P37 more sensitive to membrane
perturbing agents such as ethanol. The lipid
composition of cellular membranes are of critical
imnortance for alcohol tolerance. RL-P37 contains one
and a half times more lipid (mg / g wet weight) than
QM6A. Total lipid content of RL-P37 fell noticeably
following 1. o~ ethanol treatment whereas there was no
change in the ~otal. lipid content of QM6A (Khanna-Gupta,
unpublished results ; Brown et al., 1990). Preliminary
studies of total fatty acid profile showed that there
are five different fatty acids present in QM6A, C18: 1
(Oleic acid) predominantly (Khanna-Gupta, unpublished
resul ts Brown et al., 1990). h coli cells that
have been grown in the presence of ethanol or the
organisms that inherently exhibit increased ethanol
resistance tend to conta,; n high proportions of C18: 1
fatty actyl residues (Ingram et al., 1980b). After
ethanol treatment the amount of C18: 1 decreased and
C18:2 (Linoleic acid) increased, indicatinq that ethanol
affected the fluidity of the membranes In our system
however, RL-P37 showed only one peak in GLC,
corresponding to C18: 2, and this peak was also found
after ethanol treatment. These results are consistent
with membranes being involved,
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but no definite
conclusion can be drawn leading to the explanation of
why RL-P37 showed greater sensitivi ty to ethano 1 than
QM6A.
Both the strains
showed high percentage of germination and branching with
1.0% and 1.5% ethanol. This supports the earlier studies
lMerivuori et al., 1987) done in this laboratory sho~ing
that mycelial growth was not decreased at these ethanol
concentrations for eithero~~hp. strains, whereas the
protein secretion was strongly inhibited in the hyper-
secretory strain RL-P37 as compared t-o the wild type
QM6A.
This study here may be able to
suggest the optima) conditions for hypersecretion of
(.}
cellulase"s from the best strain available. The strain
RL-P37 seems to be the best possible choice for
achieving the highest percentage of germination and
branching, especially with a spcre activator. The spore
activator could be heat and after germination of the
spores in the high temperature the temperature may be
lowered to the optimum tempe rature for ce 11 ulase
production which is 280C. Another possibility may be to
use lower levels of some chemical, like ethanol which
acts as spore activator and enhances spore germination
and branching at an optimum temperature of 28°C.
85
No definite conclusions can be drawn concerning the
optimum conditions for cellulase production unless a
controlled fermentation study is done and the other
strains are also compared under ~ame conditions.
"My results also show that the
mycelia of RL-P37 were twisted and knotted when they
first started branching (fig. 29 and fig. 30). No
such morphological change was observed in QM6A (fig.
28) . This suggests that these morphological changes
L
in the mycelia of RL-P37 may be -.. the cause of
decreased protein secretion at 1.0% and 1.5% ethanol
without inhibiting the mycelial growth rate.
Overall the study reported in
this thesis has increased our understanding of spore
germination ann mycelial growth of Trichoderma reesei.
In general terms, my studies have shown that mutants
selected solely on the basis of increased cellulase
production capability may exhibit significant
differences in other aspects of their physiology related
to growth and response to alterations in their physical
( e g. temperature) or chemical ( e g. alcohol presence)
environments.
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